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0 Expandable endovaskular stent 


@ The invention provides an exparKlable double- 
walled sleeve (4) whose space between the walls 
(4a. 4b) is filled with curable material and which is 
designed for the local support and/or reinforcement 
of a body vessel, absorbent materia) (14) being 
provided between its walls (4a. 4b) which are fab* 
ricated from an essentially non-extensible material. 
This achieves the advantage that the curable ma- 
terial remains uniformly distributed between the 
walls of the sleeve even if the sleeve is rolled around 
a still unexpanded PTA balloon in order to be 
brought to the desired position by means of said 
t>al1oon. 
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The invention rentes to an expandable hoUaw 
sleeve in which the space between the walls i$ 
filled with curable materfai and which is designed 
for the local support and/or reinforcement of a txxJy 
vessel. 

Such an expandat>le sleeve or prosthesis, also 
referred to as a "stent", is the subject of EP-A-0 
452 2t9. In this puWteatlon. a stent is described 
which Is filled from the outside under pressure with 
a curable synthetic material via a duct introduced 
with the catheter. 

Such a stent cannot be produced in a prac- 
tically usable form. This is Ihe consequence of the 
fact that the method of introduction - via a body 
vessel - Imposes limitations on the maximum per- 
mitted dimensions: the diameter of the catheter 
end, together vWth a PTA balloon and the still 
unexpanded stent mounted around it, must not 
exceed, for a patient-friendly treatment, a value of 
approximately 7 mm and, if used in cardiac sur- 
gery, it must not exceed even 2.5 mm. In connec- 
tion with the above It Is observed that "PTA" 
stands for "Percutane Traisluminal Angioplasty*. 
According to this. In the meantime well-known, 
treatment an inflatable balloon is inserted into a 
partly blocked artery and thereafter Inflating, dilat- 
ing the artery and removing the restriction. A com- 
plete description of this known method Is given in 
SInofsky (US 5100429). column 1 lines 10-25. As- 
suming a still usable thickness of the waU material 
used of approximately 20 urn. this resuhs. in the 
most favourable case. In a spacing between the 
inner and outer wall of the final sleeve of, say. 0.3 
mm for a stent which is used for the treatment of, 
for example, an aneurysm and which must at the 
same time have an outside diameter of 14-22 mm 
in the expanded state. Not only can a filling duct 
which connects thereto not be fabricated, but even 
if this were to be the case, it Is impossible to fill the 
stent with curable synthetic material via a channel 
having such a small bore within the time limit set 
for an intervention and to remove the air escaping 
during this process via a separate duct. Said air 
must not end up in the body under any circum- 
stances. 

The fact that elastic wall material is used in this 
known stent makes it impossible to determine the 
final diameter and shape of the stent with any 
certainty, which is in fact medically unacceptable. 
This disadvantageous effect is heightened stilt fur- 
ther by the fact that the material Introduced cannot 
distribute itself uniformly since the feed duct can 
be situated only on one side. The stent described 
is therefore also unusable in practice for the in- 
tended purpose, ail the more so because t}\ere is 
no guarantee that, when the filling line is broken, 
which is necessary to withdraw the catheter, no 
filling material will enter the body. 


The intervening European Patent Application 
92 201 970.8 In the name of the Appiiciint has 
therefore already prc^Josed to dW the sleeve not 
during the treatment, but at an earlier stage with 
s curable material whose curing process Is Initiated 
and accelerated by inradiation with, for example. 
UV radiation which is supplied via a separate op- 
tical Rbre and reaches the sleeve via the walls of 
the PTA balloon and the hlgt^contrast filltng fluid, 
ra In a stent of the type described above. It is 
necessary to ensure that the curable material is 
distributed uniformly over the entire internal space 
of said stent after it has expanded. Moreover, in 
order to be usable in a medically acceptable man- 
's ner, the final diameter and shape must be capable 
of being determined beforehand down to tenths of 
millimetres. 

According to the invention, this is achieved by 
using absorbent material provkjed between the 

20 non-extensible walls of the sleeve. 

The feet that the walls of the sleeve according 
to the invention consist of non-extensible material 
offers the great advantage that it has now become 
possible for the first time to determine the final 

25 shape and diameter of the stent down to tenths of 
millimetres, as a result of which both purely cylin- 
drical ^apes and any desired shapes required by 
a physk^an are possible, in other words: the stent 
according to the invention has in fact become a 

30 made-to-measure product. 

The absorbent material, of whk:h the cells 
present therein are filled with the curable material, 
ensures not only a completely uniform distritKJtion 
of the latter over the entire internal space of the 

35 expandable sleeve but, in addition, it gives said 
sleeve an additional strength in the expanded state, 
as a result of which the stent having the very thin 
wall has much greater resistance to the forces 
exerted thereon. 

40 The absorbent material may be mesh-like, for 
example it may have the fonn of a fabric of which 
one or more individual layers are present. This 
achieves the effect that the cured synthetic-ma- 
terial filling retains a certain flexibility, which is an 

4$ advantage for many medical applications. 

As curable matwial. an acrylate known per se 
may be used. If a single-layer fabric having rela- 
tively thick threads is used in this case, a "hand 
grenade" effect is obtained, which resides In the 

so fact that the cohesive layer of synthetic material 
present between the inner and outer walls of the 
sleeve disintegrates into fragments when a radial 
outward pressure is exerted on the inner wall of the 
stent This effect offers hitherto unknown possibili- 

55 ties, since it now becomes possible for the first 
time to remove a positioned stent nonoperatively, 
that is to say by means of a catheter. To do this, it 
is necessary to introduce only a PTA balloon pro- 
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vided with a suitable curable glue on the outside 
into* the stent positioned in the body vessel, to 
expand the PTA balloon, as a result of which the 
synthetic-material filling of the stent disintegrates, 
and to wait until the glue has cured; if the PTA 
balloon is then allowed to deflate, it shrinks with the 
stent bonded: to it to such a smaller diameter that 
the whole assembly can be withdrawn from the 
body vessel. 

In order to be able to locate the stent easily or 
to be able to foUow it during its introduction, an 
identifying mark composed of material which en* 
hances X-ray -contrast is preferably provided on It. 
This contrast-enhancing material may be combined 
with the absorbent material and, if said contrast- 
enhancing material is provided on the outside of 
the latter and is also opaque to UV radiation, it 
protects the curable material against undesirable 
radiation Incident from the outside. This material 
may optionally be provided in the form of a strip 
extending in the circumferential direction. 

The presence of the dt)Sorbent material has the 
result that, even If the forces directed radially out- 
wards and exerted on the inner wall are not uni- 
formly distributed during the unfolding, the curable 
material nevertheless remains unifonmly distributed. 
This makes H possible to make use of a PTA 
balloon assembly whose outer wall Is provided with 
preformed duct-like or groove-like profitings ex- 
tending in the longitudinal direction of the balloon* 
or on whose outer wall one or more ducts are 
provided which extend in the longitudinal direction 
of the balloon. This ensures that during the posi- 
tioning of the stent the body vessel concerned is 
not completely bkx^ked, which is a great advantage 
In many cases. 

The Invention moreover provides a method for 
fabricating an expandable sleeve of the type de- 
scribed above, which method is formulated in ctalm 
15. Prefenred embodiments of this method are de- 
scribed in claims 16-22. 

The invention is explained with reference to the 
drawing, in which: 

Rgure 1 is a longitudinal section of a first em- 
bodiment of the stent according to the Invention; 
Rgure 2 is a cross-section through said stent In 
the direction of the arrow H-ll in Figure 1 ; 
Figure 3 is an end view of the stent in the rolled- 
up state and fitted around a PTA baltoon; 
Figure 4a is a cross-section through an embodi- 
ment of the absorbent-material insert; 
Figure 4b is a cross-section through a second 
emtx)diment of the absorbent-material insert; 
Figure 5 is a cross-section of an adhesive and 
marking tape used In the various embodiments 
according to the invention; 
Figure 6 is a cross^section through a special 
PTA balloon in the expanded state to be used in 


combination with the stent according to the in- 
vention; 

Figure 7 is a cross-section through another em- 
bodiment of such a PTA balloon; 

s Figures 8 and 9 illustrate a preferred method for 
fabricating the stent according to the invention; 
Figure 10 shows. In a perspective view, the 
semifinished product obtained by said method; 
Rgure 11 shows, partly in a perspective view 

10 and partly in cross-section, the stent fabricated 
from said semifinished product; 
Rgure 12 shows a k)ngitudmal section of said 
stent and. in particular, along the lines Xila-Xlla 
in the uppermost section in Figure 11 and along 

IS the lines Xllb-Xllb in the lowermost section in 
Rgure 11. 

Figures 13a-i3d show various emtxxiiments of 
usable absorbent material. 
Tfie stent according to the Invention now to be 

20 discussed below is of the type which is the subject 
of the intervening Dutch Application 91 01159 and 
the also Intervening European Patent Application 
92 201 970.8. both in the name of the Applicant 
The stent 2 shown in Figures 1 and 2 com- 

25 prises an elongated, in this case cylindrical, sleeve 
4 which is sealed at both ends and Is filled with a 
curable material, such as an acrylate. This material 
is of the type which cures when exposed to UV 
radiation supplied from the outside and conse- 

30 quently fixes the shape which the sleeve-like stent 
has during the curing. As described in the ab- 
ovementioned. intervening applications, the stent is 
brought to the desired position via a body vessel 
with the aid of a catheter on whose end an inflat- 

35 able PTA balloon is situated; then the PTA baUoon 
is inflated by injecting into it a suitable high-con- 
trast pressurised fluid, as a result of which the 
stent which is spirally wound around it, unfolds 
and assumes the desired sleeve shape. Figure 3 

40 shows diagrammatically the catheter 6. the PTA 
balloon 8 spirally wound around it and the still 
unexpended stent 10 which is also spirally Fitted 
around it. The assembly is hekJ together by bio- 
logically degradable thin cords 12 which break 

4S during the expanskm. A PTA balloon provided with 
special clamps which secure the rolled-up stent 
during the introduction and release the stent during 
the expansion of the balloon may also be used for 
the introduction. 

50 Such a stent must meet a numt^er of mutually 
contradictory requirements. The introduction via a 
body vessel requires that the maximum diameter 
01 of the package shown in Rgure 3 must not 
exceed a value of approximately 7 mm, while the 

55 stent must be able to have a diameter D2 of up to 
20 mm or even more In the final, expanded state, 
for example if the stent is designed for the local 
reinforcement of the wall of the aorta as is neces- 
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sary in the case of an aneurysm. Certain applica- 
tions, for example cardiac surgery, require, on the 
other hand, a diameter of no more than 2.5 mm» 
while It is very desirable that the final diameter of 
the stent, that is to say In the expanded state, can 
be determined accurately k)eforehand (for example 
4:2 mm). Assuming the required dimensions and 
those ol the standard PTA Ijalloon. it follows that If 
the sleeve 4 Is fabricated from a suitable film 
material (which according to the invention is not 
extensible) and which has a minimum thickness of. 
for example 15 am which still meets the strength 
requirements Imposed, the distance d between the 
two mutually opposite wails 4a and 4b may not be 
more than 0.3 mm. Neverttieless. after the stent 
has been positroned and expanded, it must have 
adequate strength and must also be to some extent 
flexible in the longitudinal direction in order to be 
able to adapt itself to the body vessel, and the 
cured synthetic material must be distributed uni- 
formly over the entire space between the wads of 
the sleeve and in some cases at the same time 
also permit a certain flexibility. 

If the curable materiaL for example acrylate. is 
simply provided In the space between the sleeve 
walls 4a and 4b, these requirements cannot be 
met. They can. however, actually be nr>et by tfie 
stent according to the invention. For tWs purpose, 
absorbent material 14 is provided inside the sleeve 
4, whose walls are composed of non-exten8tt)le 
material, said absorbent material being impregnat- 
ed with a curable synthetic material. 

Said absorbent material 14 which is impreg- 
nated with the curable material ensures not only 
that the curable synthetic material is unifomrtly dis- 
tributed over the entire vokJme of the sleeve 4, but 
It contributes appreciably to the strength of the 
stent obtained In this way after the synthetic ma- 
terial has cured. The absorbent material may be 
fabricated as a mesh; it may be a nonwoven ma- 
terial and also contain metal threads or filaments. 

Rgure 4 shows a cross-section through an 
embodiment of the absorbent material 14, which, in 
this case, comprfses four layers of mesh-fike ma- 
terial 16a-18d laid one on top of the other, each 
having a thickness of 75 um, resulting in a total 
thickness d of 0.3 mm. As a result of this layered 
structure, the stent retains a certain flexibifity even 
in the final state, with the result tfvat it can easily 
adapt itself to the shape of the body vessel into 
which it Is Introduced. 

Even when the sleeve is fitted spirally around 
the still uninflated PTA balloon « that is to say in 
the state shown in cross-section in Rgure 3 - the 
absorbent material will ensure that the curable syn- 
thetic material is not pressed to one ade but re- 
mains in position, with ttie result that, after the 
unfolding of the sieeve, the synthetk: material is 


unifomniy distributed over the entire volume there- 
of. 

Finally, the absorbent material fadlitates, as 
wH be explained betow, the prefabricatkm of the 

5 stent to no small degree. 

Rgure 4b shows an absori^nt material 14* 
which is made up of two mesh-iike layers 16e, lef 
(obviously, more or fewer layers are also possible) 
and whose top is covered with a thin film 17 which 

10 enhances X-ray contrast, for example a metal layer 
vapour-deposited thereon. This film fulfils two func- 
ttons: on the one hand, locating the stent is appre- 
ciably facilitated and, on the other hand, this film 
protects the curable material against undesirable 

rs inadiation from the outside during the phase of 
preparing stent and catheter prior to the introduc- 
tion thereof. 

As shown in Rgure 1» a strip or tape 20 com- 
pifeing a plurality of layers is preferably provided 
20 around the stent at each end. Figure 5 showing the 
stmchire of saM strip or tape. Said strip or tape 20 
comprises a core 22 having a thin layer 24 of so- 
called ^wjund adhesive", a known product, on the 
oi^ide. that is to say on the side remote from the 
25 stent 2. Provided on the other side of the core 22 
is a thin layer of adhesive material 26, whteh bonds 
the whole to the sleeve wall 4a. The wound adhe- 
sive ensures a good adhesion between the ex- 
panded stent and the body vessel In which it is 
00 fitted, thereby ensuring that the stent remains in 
position when the catheter is withdrawn ak)ng with 
the PTA Isailoon. The function of the central strip 
21 will be explained in still greater detail bek)w. 
Obvkxisty, the wound adhesive can also be pre- 
ss vkM dirsctfy on the outer surface of the stent. 

The presence of the absorbent material 14 
whkh absort)s and retains the curable material has 
the consequence that, even if the expanding, radi- 
ally directed forces are not distributed uniformly 
40 over the inner surface during the unfolding of the 
stent this does not result in an non-uniform dis- 
tribution of the curable material; the unfoWed stent 
wia nevertheless acquire the desired final shape. 
TWs has interesting consequences for the design 
45 of the PTA balloon used in the unfolding, as will be 
expluned with reference to Figures 6 and 7. which 
show cross-sections through two different PTA bal- 
loons. 

Figure 6 shows a PTA baltoon 30 having a 
so stent 32 according to the invention around it. In 
whKh absorisent material 38 Is provided tsetween 
the outer wall 34 and the inner wail 36. The PTA 
battoon 30 is formed from a film material in which 
permanent groove-like deformations 40 have been 
55 formed at regular spacings. The result is that. In 
the service state, a numk)6r of groove-like ducts 
44a-44h are present between the PTA balloon 30 
and the stent 32 so that, during the fitting of the 
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stent in a blood vessel, the blood flow through said 
vessel is not completely interrupted. The same 
effect Is achieved with the embodiment shown In 
Figure 7. This shows a stent 50 whose space 
between the outer wall 52 and the inner ws^l 54 is 5 
filled with absorbent material 56; narrow synthetic* 
material tubes 58a-58h are fastened at a regular 
spacing on the outer wall 52 of the PTA balloon 53 
used In this case and these bring about the same 
effect as the groove-iike ducts 4Oa-40h in the em* io 
bodiment shown in Figure 6. 

As has already been stated above, the Inven- 
tive idea - the retention of the curable synthetic 
material in absorbent material * appreciably facili- 
tates the fabrication of the stent according to the is 
invention. The method used in connection therewith 
is explained with reference to Figures 8 to 12 
inclusive. 

The starting point is a strip of absorbent ma- 
terial 70 (which may be layered in the manner 20 
shown in Figure 4 and may be mesh-like material), 
said strip of absorbent material having a width bi Is 
laid on a strip of film material 72 having a width b2 - 
The value of bs is approximately equal to 2 x bi 
twice the thickness of the absorbent material 70. zs 
Two folding grooves 74, 76 may be formed at a 
mutual spacing bi in the film 72 and the film 
material 72 is folded around the absort)ent material 
70 in the manner indicated in Figure 9. optionally 
by making use of said folding grooves 74. An 30 
adhesive tape 82 is then provided symmetrically 
with respect to the line 78 over the end edges 80a. 
80b. of the film 72, which touch one another. The 
said tape may have the configuration indicated in 
Figure 5. The adhesive layer of the tape, such as 
the adhesive layer 26, holds the end edges 80a, 
aob sealingly together. 

Then a strip having a length b is cut from the 
first semi-finished product obtained in this way. 
resulting in the second semi-finished product 40 
shown In Figure 10. The dimension U of the latter, 
essentially equal to the width bi of the mesh ma- 
terial 70 will determine the length of the final stent 
to be formed therewith, starting from said second 
semirfinlshed product, while the dimension b deter- 45 
mines the diameter in the unfolded stale (Da = 
Iz/w). The procedure is now as follows: 

The semi-finished product 84 shown in Rgure 
10 is folded around to fonm the cylinder 86 shown 
in Figure 1 1 over a line parallel to the dimension h so 
and. in particular, in a manner such that the end 
edges 88a. 88b of the second semi-finished prod- 
uct 84 (Figure 10) lie against one another in the 
manner shown in Figure 11. The end edges 8da, 
88b are then fixed by means of an adhesive tape 55 
90 extending in the longitudinal direction of the 
sleeve 88. which results in a sleeve which is closed 
on ail sides, enclosing the mesh material 70 and 


having a length h and a diameter O2 (see also 
Figure 12). Said sleeve is closed on all sides 
because the tape 90 seals the longitudinal seam 
and its end walfe 92, 94 are fomried by the folded 
edges 77. 79 of the film 72 (see Figure 9). Then 
the sleeve shown in Figure 12 is fitted around a 
PTA balloon in the manner shown in Rgure 3 and 
fastened. The assembly Is then ready for use. 

Obviously, many modifications are possible 
within the scope of the invention. The sleeve may 
deviate from the circular-cylindrical configuration 
and may, for example, taper, have a bend and/or 
have branches. Inner and outer walls may have a 
mutually different configuratjon and passage open- 
ings, which are in communication with the interior 
of the sleeve and are situated in its surface, and 
through which the blood is able to reach the vessel 
wall locally if the sleeve is used in a blood vessel, 
may be formed In the sleeve. 

The possibility of choosing the curable ma- 
teria), optionally in combination with a single layer 
of fabric of relatively thick thread. In such a way 
that it disintegrates if it is subjected to fairly high 
forces directed radially outwards in the expanded 
state has already been mentioned; in particular, 
acrylate is suitable for this purpose. 

There are also many possibilities as regards 
the absorbent material. Figure 13a shows a fairly 
dense fabric 100 and Rgure 13b shows a more 
open fabric 102. It is also conceivable to make use 
of a synthetic-material support 104 having a large 
number of cavities 106 therein, as shown partly in 
perspective and partly in section in Rgure 13c. 
Finally, Rgure I3d shows two films laminated onto 
one another and. in pedicular, a very thin support 
film 108 with a thicker film 110 which is laminated 
thereon and provided with a large number of ab- 
sori^ing openings 112. 

Claims 

1. Expandable doubie-walled sleeve (4) in which 
the space t^etween the walls (4a. 4b) is filled 
with curable material and which is designed for 
the local support and/or reinforcement of a 
body vessel, characterized by absorbent ma- 
terial (14) provided between its walls (4a. 4b), 
which are fabricated from essentially non-ex- 
tensible material. 

2. Sleeve according to claim 1. characterized in 
that the absorbent material (14) is composed 
of a mesh-like material (16a - 16d). 

a Sleeve according to claim 2, characterized in 
that the absorbent material has the form of a 
fabric (100. 102). 
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4. Sleeve according to claim 3. characterized in 
(hat the fabric Is a single-layer fabric com- 
posed of r^atively thick thread. 

6. Sleeve according to claim 3, characterized in 
that the fat>ric is a nonwoven fabric. 

6. Sieeve according to claims 1*5. characterized 
in that the absorbent material (14) is provided 
rn a plurality of individual layers. 

7- Sleeve according to claims 1-6» characterized 
in that the absorbent material (14) contains 
metal threads. 

& Sleeve according to claims 1-7, characterized 
by a identifying marie (17) provided thereon 
and composed of material wMch enhances X- 
ray contrast. 

9. Sleeve according to claim 8, characterized in 
that the contrast^handng material (17) is 
conr^ined with the absorbent material (14). 

10. Sleeve according to claim B, characterized in 
that the contrast-enhancing material (17) is 

- - - opaque to radiation and covers the absorbent 
material on the outside. . 

11* Sleeve according to claim 8i characterized in 
that the contrast-enhancing material (17) is 
provided in the form of a strip extending in the 
drcumferantiai direction. 

12. Sleeve according to claims 1-11, characlsrized 
by one or more layers of wound adhesive (24) 
provided thereon. 

ia PTA balloon assembly (30) to be used in com- 
bination with a sleeve (32) according to one or 
more of the preceding claims, characterized in 
that its outer wall is provided with preformed 
duct-like or groove-fike profiiings (44a - 44h) 
which extend in its longitudinal direction. 

14. PTA balloon assembly to be used In combina- 
tion with a sleeve (50) according to one or 
more of the preceding claims, characterized in 
tiiat one or more tubular elements (58a - 58h) 
extending in the longitudinal direction are fitted 
on its outer wall. 

15« Method for fatwicating an expandable sleeve 
according to one or more of claims 1-10, com- 
prising the steps of: 

impregnating a strip (70) of absort^ent ma- 
terial having a predetermined width (bi) with a 
suitable curable material, 


positioning said strip (70) of absorbent ma- 
terial on a strip of film material (72) having a 
widtfi (bz) essentially equal to twice the width 
of the strip (70) of absorbent material plus 
s twice the thickness of ttie absort)ertt material, 

folding the longitudinal edges of the film 
material around the absortient material, 

bonding together the end edges (80d, 80b) 
of the film material (72) whkii are laid against 
10 one another* 

preparing a certain length (la) of the as- 
sembly obtained in this way to form a first 
semi-finished product 

bending said semi-finished product over 
75 on itself along a line perpendteular to its lon- 
gitucfinal direction until its end edges (88a. 
88b) essentially lie against one another so as 
to fotm a second semifinished product (84), 

attaching sakl end edges to one another 
20 so as to form a seal. 

16. Method according to claim 15, characterized in 
that the strip (70) of absorbent, material is 
made up of a pkjrality of layers. 

2S 

17. Method according to claims 14-15, character- 
ized in that the absori)ent material is combined 
with malarial which enhances X-ray contrast. 

30 18. Method according to claims 15-18, ctiaracter- 
ized in that the attachment of tJhe end edges of 
the film material to one another is carried out 
by means of an adhesive tape (90). 

36 18. Method according to claim 18. characterized in 
that use is made of an adhesive tape which is 
also provided with a layer of material which 
enhances X-ray contrast. 

40 2a Method according to claims 18-19, character- 
ized in that use is made of a tape which is also 
provided with a layer of wound adhesive. 

21, Metixxi according to claim 20, characterized in 
45 that said tape is provided at a plurality of 

positions on the sleeve. 

22. Method according to claims 15-21. character- 
ized in that the attachment of the end edges of 

60 the first semifinished product to one another to 
obtain the second semifinished product is car- 
ried out by means of an adhesive tape. 
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